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At present, the difference in the behavior of the free volume of polymers above and below the glass transition temperature T g (or melting temperature T m ) has been experimentally confirmed [1] . Within the framework of fractal analysis, this difference was interpreted as the existence of monofractal structure of the PE melt and multifractal structure of the solid-phase polymer [2]. Such a difference determines different behavior of the diffusivity D of polyethylene: for its melt, the D value is virtually independent of the size of penetrant gas molecules, whereas the D value for solid-phase PE is seen to decrease with increasing diameter d m of these molecules. The observed behavior is due to the presence of free-volume microvoid size distribution in the latter case; the existence of this distribution is a direct consequence of the multifractal structure of solid-phase PE [3] . Therefore, the aim of this study is to provide a quantitative multifractal model that allows prediction of the diffusivity as a function of the size of penetrant gas molecules.
We used the published values of diffusivity D for 3 polymers (semicrystalline PE of crystallinity K = 0.57, PDMS, and polyisoprene rubber) and 23 gases [4, 5] . The d m values for these gases are taken from the data of [4, 5] and lie in the range from 1.82 to 5.66 Å.
As was shown earlier [6] , the process of diffusion in semicrystalline polymers is determined not by the entire amorphous phase but only by its part that contains fluctuational free-volume microvoids of diameter 
where α am is the volume content of the amorphous phase in the semicrystalline polymer.
The physical meaning of parameter corresponds to the probability P h of the occurrence of a freevolume microvoid with the diameter d h ≥ d m in the polymer. Within the framework of multifractal analysis, the P h ( d m ) value in the first approximation can be determined as [7] 
where c is a constant equal to 1 Å and d f is the fractal dimension of the polymer structure, equal to 2.75 for semicrystalline PE [8] .
In addition, during calculation of according to Eq. (1), one should pay attention to the following fact. It is presently assumed [9] that crystalline regions in a semicrystalline polymer are impermeable to gases. In that case,
However, as was demonstrated within the framework of the cluster model [10] , regions of local order (clusters) are also impermeable to gases. In this case, Here, ϕ cl is the relative proportion of clusters, which can be estimated according to the percolation relationship [11]
where T m for PE is assumed to be equal to 403 K [12] and the temperature of the testing is T = 293 K.
In the figure, one can compare the dependences according to Eqs. (3) and (4) and the dependence of P h on d m . As expected, since and P h obey a power law, they rapidly decrease with increasing d m . The absolute value of P h is intermediate between the values found according to the above two methods; thus, this probability can be used to characterize the proportion of the amorphous phase that is accessible for gas diffusion. Then, the decrease in the diffusivity D of solidphase PE in comparison with its melt will be determined by probability P h ( d m ) ; analytically, this conclusion can be written as [6]
where D am is the diffusivity for completely amorphous PE, i.e., for the PE melt. Within the fractal model of gas transport processes, the diffusivity value D can be determined according to the equation
Here, is a universal constant, assumed equal to 3.8 × 10 -7 cm 2 /s for various gas-polymer pairs and polymer states; f g is the relative fluctuational free volume; and d s is the spectral dimension of the polymer structure.
To find the diffusivity D am for the PE melt, one should use Eq. (7) (2) and (7), respectively; and also the D exp values found in [4, 5] from correlation analysis of abundant experimental data for PE and polyisoprene and the diffusivities D th for PE calculated through Eq. (6). Apparently, the resultant agreement between the D exp and D th values is fairly good, thereby confirming the probabilistic (multifractal) model of gas diffusion in polymer membranes
that is proposed in this study. The The experimental diffusivities for polyisoprene listed in the table show the same trend in the change of this parameter with varying d m as in the case of PE and PDMS. However, the absolute values of D exp for polyisoprene are significantly (several times) lower than for PDMS, although both polymers are in the rubberlike state. This difference can also be explained within the framework of the proposed model. On the one hand, PDMS is a polymer with the lowest values of the glass transition temperature; therefore, it is characterized by the highest segmental mobility at room temperature and this mobility is the reason for the high diffusivities. It is possible that the concentration of crosslinks also plays a certain role. Since PDMS is a lightly crosslinked rubber [4], one can assume d s = 1.0 for it in Eq. (7), precisely as for linear PE [16] . However, this approximation is no longer valid for polyisoprene, which is a more heavily crosslinked rubber. For crosslinked (or branched) polymers, d s = 1.0-1.33 [16] . Since rubbers should not be crosslinked too heavily (lest they lose their elasticity), one can suppose that the crosslinking density of polyisoprene is intermediate between the 
